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Abstract: A straightforward, isocyanate-free methodology for the synthesis of functionalized 8 
polyurethanes, based on amine-thiol-ene conjugation, was elaborated. Aminolysis of a readily 9 
available AB’-urethane monomer, containing both an acrylate (A) and a thiolactone unit (B’), 10 
facilitates the preparation of various reactive thiol-acrylates. In situ polymerization via Michael 11 
addition proceeds at ambient conditions, yielding polyurethanes with a large variety of chemical 12 
functionalities. Side-chain functionality originates from the modular use of different amines, 13 
allowing for the introduction of pendent functional groups (eg. double bond, triple bond, 14 
furfuryl, tertiary amine, morpholine) along the polyurethane backbone. Extensive model studies 15 
revealed the kinetic profile of this reaction sequence and excluded the occurrence of competing 16 
reactions, such as aza-Michael addition and disulfide formation. This mild one-pot reaction 17 
requires no additives or external trigger and the obtained polyurethanes remain soluble 18 
throughout the process, enabling post-polymerization modification in the same reaction medium.   19 
Introduction 20 
Facile synthetic and modification procedures of functionalized polymers have been the subject of 21 
extensive fundamental and applied research efforts during the last decade. The concept of ‘click’ 22 
chemistry
1-8
 induced a transition towards ‘on-demand’ preparation of tailored polymeric 23 
2 
 
systems.
9
 The toolbox of research labs is currently loaded with a variety of established ‘click’ 24 
reactions, offering ample possibilities for macromolecular design and synthesis. Moreover, the 25 
development and valorization of novel polymer materials with a broad range of applications 26 
(medicines,
10-13
 electronics,
14-16
 bioconjugation,
17-21
 labeling,
22-26
 etc.) significantly promoted 27 
interdisciplinary research. The elaboration of innovative procedures and the combination of 28 
existing reactions in multi-step one-pot sequences further exemplifies the scientific eagerness to 29 
study the possibilities and limitations of ‘click’ chemistry to the full extent.27-28  30 
 31 
Polyurethanes (PUs) are an essential class of synthetic polymers that are world-wide applied on a 32 
large scale.
29
 Large-scale production of these materials mainly relies on feeds of diisocyanates, 33 
diols and/or polyols in the presence of a catalyst. Despite the wide range of PUs available via 34 
step-growth polymerization, the lack of side-chain functionalities limits their scope. Therefore, 35 
methods leading to functionalized PUs equipped with reactive groups along their backbone 36 
remain of particular interest. These functional groups can be converted using ‘click’ chemistry, 37 
providing paths to unique materials with enhanced properties for high-end applications. The 38 
mainstream approach is to directly incorporate clickable side-groups in linear PUs during the 39 
polymerization process through the addition of a functionalized diol to the diisocyanate/diol 40 
mixture. In addition to the high intrinsic reactivity of diisocyanates, the reactive nature of the 41 
desired functional group mostly necessitates the use of protection/deprotection strategies, e.g. 42 
amine- and maleimide-containing diols are protected as the corresponding carbamate
30
 and 43 
furan-adduct
31
 prior to the polymerization. However, various functionalities have also been 44 
introduced directly as pendent groups in PUs by careful selection of the appropriate unprotected 45 
monomer diol: alkyne
32-36
-, alkene
37-39
-, hydroxyl
40
- and furan
41
-functionalized PUs are available 46 
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via this approach.  Subsequent ‘click’ modification via copper catalyzed azide-alkyne cyclo-47 
addition (CuAAC),
32-36
 radical thiol-ene conjugation,
37-39
 and thiol-maleimide conjugation
31
 48 
enabled the modular and efficient synthesis of tailored PUs. Similarly, the reactive moiety can be 49 
introduced through a functionalized diisocyanate, demonstrated by the synthesis of maleimide-50 
functionalized copoly(urethane-urea)s.
42
  51 
All methods mentioned above lack versatility as they generally only allow for the incorporation 52 
of one type of ‘clickable’ functional handle. Moreover, the absence of a general synthetic 53 
approach for the preparation of functionalized diols entails a requirement of dedicated multi-step 54 
synthesis. Consequently, functionalized PUs not only differ in their reactive pendent moieties, 55 
but also in their backbone, compromising in-depth comparison of the material properties of the 56 
thus obtained materials and derivatives.  57 
In 2011, we presented a promising accelerated protocol for the modular synthesis of 58 
polyurethane based materials, consisting of a one-pot amine-thiol-ene reaction of a stable AB’-59 
monomer, containing an allyl and thiolactone unit connected by a urethane linkage. In this 60 
approach, a thiolactone entity serves as a thiol precursor (latent functionality). The thiolactone 61 
ring opens upon aminolysis (nucleophilic reaction) and the in situ generated thiol reacts with the 62 
allyl double bond in a radical photo-polymerization reaction.
43
 However, conceptual issues 63 
directly related to the radical reaction in the one-pot process impede further extension of the 64 
scope of the methodology. Important to note is that some functional groups (e.g. furan,
44-48
 65 
double and triple bond), introduced via the amine, are incompatible with this radical 66 
environment. Additionally, the UV-curing happens upon decomposition of a photoinitiator (e.g. 67 
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DMPA), but model studies revealed that some amines (e.g. benzylamine) react with the formed 68 
radical fragments, thus limiting the use of a photoinitiator.  69 
Therefore, we aimed for the one-pot combination of the aminolysis of a thiolactone unit on one 70 
hand and a nucleophilic thiol-ene conjugation (Michael addition) on the other hand, which is 71 
considered to be a breakthrough approach for the development of a direct, additive- and 72 
isocyanate-free synthesis strategy to obtain functionalized polyurethanes. The Michael addition 73 
between a nucleophile (such as thiol, amine or stabilized carbanion) and an activated double 74 
bond (eg. imidazole, acrylate, vinyl sulfone) is known to be an atom-efficient linking reaction. 75 
This versatile methodology is often the key step in polymer synthesis and conjugation, especially 76 
when complex macromolecular architectures are targetted.
49
 The combination of the thiolactone-77 
based strategy for the in situ generation of thiols and subsequent Michael addition undoubtedly 78 
broadens the scope of metal-free multi-step reactions for the design and synthesis of polymers.  79 
Replacing the allyl double bond in the AB’-monomer with an acrylate function, allowing for the 80 
complete absence of radical species during the polymerization, would indeed be a step forward, 81 
although potential orthogonality issues render the conjugation procedure a fundamentally 82 
challenging two-step reaction sequence. Therefore, the chemoselective discrimination between 83 
both nucleophiles (amine vs the generated thiol) is the major focus when employing the 84 
nucleophilic amine-thiol-ene conjugation. Potential side reactions such as the aza-Michael 85 
addition
49
 of the amine to the acrylate and disulfide formation are of primary concern.  86 
Prior to the design of a new AB’-monomer, model studies should reveal the feasibility of the 87 
anticipated one-pot two-step reaction. In a second stage, after the large-scale synthesis of a 88 
readily available AB’-urethane monomer, containing both an acrylate (A) and a thiolactone unit 89 
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(B’), several (multi)-functionalized PUs will be prepared by modular use of a variety of 90 
functional amines.  91 
Results and discussion 92 
Model and kinetic studies 93 
The feasibility of the proposed amine-thiol-ene conjugation between an amine 1, a thiolactone-94 
containing compound 2 and a Michael acceptor 3 entirely relies on the selectivity of the 95 
conjugate addition (Scheme 1).  96 
 97 
Scheme 1 – Nucleophilic amine-thiol-ene conjugation: aminolysis of the thiolactone ring (i), followed by thiol-98 
Michael addition (ii). EWG = electron-withdrawing group. 99 
 100 
Therefore, the selection of the reaction partners 1 and 3 is critically important. While maleimides 101 
react with both amines and thiols as Michael donor
49
, acrylates are less reactive: at room 102 
temperature and without a catalyst, only secondary amines readily react with acrylates.
50
 As a 103 
consequence, a reaction mixture of a primary amine, a thiolactone and an acrylate in the absence 104 
of any catalyst would result in the formation of the product 5. The anticipated chemoselective 105 
discrimination between both heteroatomic nucleophiles (primary amine 1 and the intermediate 106 
thiol 4) is based upon different reaction rates. The slow aza-Michael addition allows the 107 
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aminolysis of the thiolactone to precede while the subsequent thiol-Michael addition is known to 108 
be relatively fast.
51
  109 
In order to confirm these hypotheses, a series of model reactions have been conducted, for which 110 
the reaction progress was monitored by online FT-IR analysis. In a solution (in CHCl3 or THF, 111 
0.5 and 1 M respectively) of primary amine, thiol and acrylate, the consumption rate of the thiol 112 
and acrylate is identical (Scheme S 1 and Figure S 1). In a control experiment, only the amine 113 
and acrylate were mixed at room temperature. Whereas in the previous case the thiol was 114 
consumed in less than 15 minutes (1 M in THF), only a negligible conversion of the acrylate by 115 
aza-Michael addition was observed in the same time frame (Figure S 1). In a second model 116 
reaction, involving a thiolactone as latent thiol functionality, the kinetic profile of the reaction 117 
between n-propylamine 6, -thiobutyrolactone 7 and n-butyl acrylate 8 was studied in detail 118 
(Scheme 2). It should be stressed that the reaction was performed at room temperature and under 119 
air atmosphere.  120 
 121 
Scheme 2 – Model amine-thiol-ene conjugation between n-propylamine 6, -thiobutyrolactone 7 and n-butyl 122 
acrylate 8. 123 
 124 
The 3D online FT-IR waterfall plot illustrates the decrease and increase of several (C=O)stretch 125 
absorption bands as a function of time (Figure 1a). 126 
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 128 
Figure 1 – Online monitoring of amine-thiol-ene conjugation between n-propylamine 6, -thiobutyrolactone 7 and 129 
n-butyl acrylate 8; (a) 3D FT-IR waterfall plot of (C=O)stretch absorption bands (1830 – 1490 cm
-1
) and (b) FT-IR 130 
peak intensities as a  function of time (kinetic curves and deconvoluted data points). 131 
 132 
Due to partial overlap of relevant bands in the IR spectrum (1830 to 1490 cm
-1
, Figure S 2 and S 133 
3, Table S 1), a deconvolution process was performed (Table S 2, Figure S 5 and S 6). In Figure 134 
1b, the FT-IR peak intensities, reflecting the concentrations of the reactants 7 and 8 and the 135 
product 9 as a function of time, are shown. The decrease of the height of the thiolactone 136 
(C=O)stretch and the area of the acrylate (CH=CH2)wagging vibrational bands have been used to 137 
establish the kinetic profile (Figure S 4). The formation of the amide (band area at 1540 cm
-1
, N-138 
Hscissoring and C-Nstretch) is a good indicator for the consumption of 7. For further confirmation, it 139 
is demonstrated that the area depletion of the deconvoluted thiolactone (C=O, 2 sub-bands at 140 
1714 and 1698 cm
-1
) and acrylate (C=O, at 1728 cm
-1
) bands is strongly agreeing with the kinetic 141 
curves (Figure 1b). The major conclusion from this model study is that the aminolysis is the rate-142 
determining step: the acrylate functions are consumed as fast as the thiolactone ones. With 1.1 143 
eq. of n-propylamine compared to an equimolar mixture of thiolactone 7 and acrylate 8, it takes 9 144 
hours to reach 70% conversion (Figure S 7). The rate can be increased by adding more amine; 145 
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for example with a two-fold excess, the reaction is finished within 8 hours (Figure 1b). An LC-146 
MS analysis of the reaction with 1.1 eq. of n-propylamine shows a clean mixture of starting 147 
materials and product 9. Only a minor fraction of disulfide was detected (Figure S 8 c). Disulfide 148 
formation is more prominent at higher amine concentration (Figure S 8 d), indicating that the 149 
excess of amine should be limited. As the aminolysis step is rate-determining, a kinetic screening 150 
of the ring-opening of -thiobutyrolactone 7 in the presence of ten different (functional) primary 151 
amines was performed. Generally, the aminolysis of thiolactones can be described by second 152 
order kinetics.
52
 Pseudo-first order conditions were established using a 50-fold excess of amine 153 
in THF. The conversion of 7 as a function of time has been monitored by GC analysis of 154 
periodically taken reaction samples (Figure S 9 and S 10). Rate constants are summarized in 155 
Scheme 3.  156 
 157 
 Scheme 3 – Rate constants of the aminolysis of -thiobutyrolactone 7 in the presence of different primary amines 158 
with indication of the relative reaction rates. 159 
 160 
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Stereo-electronic properties of the primary amines are the basis for the relative rate differences: 161 
aliphatic non-functional amines react faster than amines containing an inductive-withdrawing 162 
group. The sterical constraints due to -branching in Jeffamine
®
 M-600 greatly influences the 163 
reaction rate. The orthogonality of the reaction is proven by the fact that under the same reaction 164 
conditions, i.e. 50-fold excess of the nucleophile and neutral pH, water, alcohols, thiols and 165 
anilines are not able to open the thiolactone ring. 166 
Monomer synthesis  167 
The use of the above studied nucleophilic amine-thiol-ene conjugation in polymer synthesis 168 
demands a straightforward and scalable methodology for the synthesis of a stable monomer, 169 
containing an acrylate (A) and a thiolactone unit (B’). Upon aminolysis, this monomer forms a 170 
reactive thiol-acrylate, which will be consumed in the same medium by a conjugate addition. In 171 
order to synthesize such an AB’-monomer, two reaction routes have been explored (Scheme 4).  172 
 173 
Scheme  4 – Two approaches for the synthesis of an AB’-monomer, containing on one hand a thiolactone and an 174 
acrylate group as reactive entities and on the other hand a stable urethane linkage. 175 
 176 
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In each case, a stable urethane bond connects the reactive entities. The first possibility relies on 177 
the Sn-catalyzed carbamate formation between -cyanato- -thiolactone 10 
53
 and an equimolar 178 
amount of a hydroxyl-functionalized acrylate. Two acrylates (2-hydroxyethylacrylate 11 and 1,4 179 
-cyclohexanedimethanol monoacrylate 12) have been converted to the respective monomers, 13 180 
and 14, with an isolated yield of 92%. The inherent instability of 13, as a result of polyacrylate 181 
formation, requires radical inhibition, while 14 can be stored as a white powder for months at -20 182 
°C without any inhibitor. A more scalable route consists of the phosgene treatment of the 183 
hydroxyl-functionalized acrylate 12 to render the chloroformate 17 and subsequent reaction of 184 
the latter with DL-homocysteine thiolactone 15 in the same reaction vessel. This procedure 185 
allows for the preparation of a relatively large amount (45 g) of the AB’-monomer 14 in a single 186 
batch with an overall isolated yield of 78% (Scheme S 3, Figure S 11 and S 12). 187 
Polymerization by amine-thiol-ene conjugation  188 
Although the thiol-Michael addition is generally regarded as a reversible reaction and therefore 189 
represents an elegant methodology for dynamic covalent chemistry,
54-56
 thiol-acrylate conjugate 190 
addition has already been employed as the key step for the fabrication of functional polymer 191 
materials.
51,57-63
 As a consequence, the polymerization via poly-addition of thiol-acrylates, 192 
originating from the aminolysis of AB’-monomers 13 and 14, was studied in detail. A first 193 
screening of the reaction conditions (solvent and concentration) was performed in the presence 194 
of 1.1 eq. of n-octylamine, capable of a relatively fast aminolysis reaction (vide supra). The 195 
slight excess of amine potentially catalyzes the Michael addition after conversion of the 196 
thiolactone.
64-65
 Aminolysis of 13 at varying concentrations (0.25, 0.5 and 1 M) in THF resulted 197 
in a precipitate of low molecular weight (Mn ~ 2 kDa, determined by SEC). Precipitation could 198 
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be avoided in CHCl3, but only oligomers were formed. Similar observations were made when 199 
changing the solvent to CH2Cl2 and N,N-dimethylacetamide. Repeating the same conditions, 200 
starting from monomer 14, pointed out that poly-addition was most prominent in THF at 0.5 M: 201 
linear polymers with Mn of 12.0 kDa and Đ of 1.69 were isolated by precipitation.  202 
 203 
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Scheme 5 – Aminolysis of AB’-monomer 14 with n-octylamine and the formation of polymer 18 by conjugate 205 
addition: 
1
H-NMR spectra (CDCl3, 500 MHz) of the monomer 14 (top) and the purified polymer 18 (bottom).  206 
Signals m
**
 and p
**
 (insert) designate two protons of the acrylate endgroup of polymer 18. Spectral assignment of 207 
the 1D-
1
H-NMR of polymer 18 was facilitated by 2D-NMR spectra (Figure S 13). 208 
 209 
This optimized condition (a 0.5 M solution of 14 in THF at room temperature) was used for an 210 
online FT-IR study of the polymerization reaction (Table S 3 and Figure S 14 and S 15). Due to 211 
the overlapping of the urethane, acrylate and thiolactone C=O vibration bands, the aminolysis of 212 
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14 was followed by the increasing intensity of the amide vibrational band at 1683 cm
-1
, whereas 213 
the conversion of the acrylate double bond was monitored by the acrylate scissoring vibration at 214 
1409 cm
-1
. Deconvolution and curve fitting of the obtained spectra in the region of 1800 – 1380 215 
cm
-1
 were performed, such as for the model reaction (Table S 4 and Figure S 16). Again, a good 216 
agreement between the measured and deconvoluted band intensities was observed (Figure 2). 217 
Although the acrylate is mostly consumed after 3 h, only low-molecular weight polymer could 218 
be isolated from the reaction mixture at that moment. On the other hand, integration of the 219 
acrylate end-group in the 
1
H-NMR spectrum of the polymer 18 after 24 h reaction time allowed 220 
for the determination of the DP (~ 33) and Mn (~ 15.5 kDa) (Scheme 5). The optimized 221 
conditions were subsequently applied as a general protocol for other (functional) amines as 222 
shown in Table 1.  223 
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 225 
Figure 2 - Online monitoring of amine-thiol-ene conjugation (aminolysis and poly-addition) between octylamine 226 
and AB’-monomer 14; (a) 3D FT-IR waterfall plot of (C=O)stretch absorption bands (1830 – 1360 cm
-1
) and (b) IR 227 
peak intensities as a function of time (kinetic curves and deconvoluted data points). 228 
 229 
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Table 1 - Obtained molecular weight and dispersity by amine-thiol-ene reaction between (combined) primary 230 
amines and AB’-monomer 14.   231 
Entry
a 
Amine 
Mn
b 
(kDa) 
Mw
b 
(kDa) 
Đb 
Ratio 
(Amine I / 
Amine II)
c 
1 n-Octylamine 12.0 20.3 1.69 - 
2 Allylamine 5.3 8.7 1.63 - 
3 Propargylamine 1.9 3.1 1.63 - 
4 Furfurylamine 9.5 15.4 1.62 - 
5 N,N-Dimethylethylene diamine 3.2 4.9 1.53 - 
6 3-Morpholinepropylamine 7.6 13.0 1.73 - 
7 
n-Octylamine /  
N,N-Dimethylethylene diamine 
8.8 14.7 1.67 49 / 51 
8 Allylamine / Glycine t-butylester 6.8 11.4 1.67 72 / 28 
9 Allylamine / Furfurylamine 8.4 13.0 1.54 58 / 42 
a Reaction conditions: entries 1  6; monomer 14 in THF (0.5 M) at room temperature for 24 h in the presence of 
1.1 eq. of amine; entries 7, 8 and 9; monomer 14 in THF (0.5 M) at room temperature for 24 h in the presence of 2 
eq. of amine (1 eq. amine I and 1 eq. amine II); 
b SEC, calibrated with PMMA standards, DMA as eluent (Figure S 17) 
 c Calculated from the integration of signals, specific for each individual amine, in the 1H-NMR spectrum (Figure S 
19, S 20 and S 21).  
Of particular interest is the possibility to introduce double and triple bonds and reactive dienes 232 
(furan) without interference with the polymerization process (entries 2, 3 and 4; Table 1). This 233 
renders the polymers accessible for further modification, without a protection and deprotection 234 
strategy being necessary. Other functionalities that were tested include a tertiary amine (entry 5) 235 
and a morpholine moiety (entry 6), enabling the synthesis of metal-complexing polymers.
66-68
  236 
The presented strategy thus offers an easy-to-perform, one-pot method for the synthesis of 237 
functionalized PUs. Mixing the two ingredients (monomer 14 and the selected amine) at room 238 
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temperature without any additive or external trigger gives indeed access to a library of such 239 
polymers (Table 1).   240 
MALDI-TOF analysis of a narrow-disperse fraction (Figure S 18) of allyl-functionalized 241 
polymer (Table 1, entry 2) confirms the structural build-up of the PUs and elucidates the nature 242 
of the end-groups (Figure 3).  243 
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Figure 3 – MALDI-TOF analysis of the allyl-functionalized PU (Table 1, entry 2) including peak assignment. 244 
 245 
Two series of signals can be readily assigned: the major distribution of peaks represents 246 
telechelic material bearing an acrylate and thiolactone entity as end-groups and a second minor 247 
series attributed to the corresponding thiol-acrylates. In both series, signals repeat each 398 Da, 248 
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i.e. the sum of the molecular weight of allylamine and monomer 14.  The minor series is shifted 249 
by 57 Da, exactly the molecular weight of allylamine. This MALDI-TOF analysis clearly 250 
demonstrates that there were no significant side reactions during the polymerization and again 251 
confirms that the aminolysis is rate-determining.    252 
To extend the potential of this methodology and to demonstrate its versatility, experiments have 253 
been performed utilizing more than one amine, enabling the random incorporation of multiple 254 
functionalities. Reaction conditions were similar, except for the use of 2 eq. of amine (1 eq. of 255 
each amine compared to monomer 14). The relative amount of the (functional) amines along the 256 
backbone after polymerization was calculated via integration of relevant signals in the 
1
H-NMR 257 
spectra (Figure S 19, S 20 and S 21) and the values differ from the initial feed ratio. It was 258 
anticipated that the respective rates of aminolysis would have the greatest impact on the 259 
incorporation ratio. However, entry 8 clearly demonstrates that two amines, being equally fast in 260 
the aminolysis reaction (Scheme 3), are incorporated in different amounts. The reactivity 261 
difference between the intermediate thiol-acrylates due to sterical factors most likely contributes 262 
significantly to this phenomenon. The results (entries 7, 8 and 9) prove that different 263 
functionalities can be simultaneously incorporated along the PU backbone in a one-pot synthesis. 264 
TGA-analysis of the obtained polymers (Table 1, entries 1, 2, 4 and 9) showed that these 265 
materials are thermally stable until 250 °C (Figure S 22).  266 
Post-polymerization modification 267 
Another appealing feature of this methodology is that, once the poly-addition has been 268 
completed, the reaction mixture essentially is a solution of the expected PU with a minor amount 269 
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of residual amine. Post-polymerization modification of the introduced functional group (via the 270 
primary amine), is thus possible in the same reaction medium. Two metal-free modification 271 
reactions were examined in this context: the radical thiol-ene reaction between 1-octanethiol and 272 
an alkene-containing polymer and the Diels-Alder reaction between N-methylmaleimide and a 273 
furan-containing polymer. Both polymers were synthesized by treatment of monomer 14 with 274 
allylamine (Table 1, entry 2) and, allylamine and furfurylamine (Table 1, entry 9), respectively. 275 
The disappearance of the distinct signals in the 
1
H-NMR spectra and the apparent shift of the 276 
SEC traces indeed confirm the successful outcome of both modification reactions (Figure 4 and 277 
Figure S 23).       278 
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Figure 4 – Post-polymerization modification in the same medium of the allyl-containing PUs by radical thiol-ene 279 
conjugation with 1-octanethiol. (Left) Details of 
1
H-NMR spectra (CDCl3, 300 MHz) after poly-addition (top) and 280 
after subsequent thiol-ene modification (bottom) (Right) Corresponding SEC traces of reaction samples before and 281 
after thiol-ene modification. 282 
283 
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Conclusions 284 
In conclusion, a one-pot, additive- and isocyanate-free procedure for the synthesis of 285 
functionalized PUs has been developed based on the nucleophilic amine-thiol-ene conjugation. 286 
Initial model studies, monitored via online IR, demonstrated that the aminolysis of a thiolactone 287 
in the presence of an equal amount of acrylate is a clean and atom-efficient two-step, one-pot 288 
conjugation reaction. This important observation encouraged us to explore this concept for the 289 
synthesis of functionalized PUs. After the large-scale synthesis of AB’-type monomers, 290 
containing both an acrylate and a thiolactone moiety, several (functional) amines were employed 291 
to open the thiolactone group in the AB’-monomer. The resulting intermediate thiol-acrylate 292 
reacts in situ via Michael addition. This highly convenient procedure enabled the preparation of 293 
various (multi-)functionalized PUs. SEC-, NMR- and MALDI-TOF-analysis confirmed the 294 
structure of the PUs. The reaction does not require any additive or external trigger and proceeds 295 
at ambient conditions. As the obtained polymers remained soluble in the reaction mixture, the 296 
introduced functional groups (e.g. double bond or furan) served as functional handles for further 297 
tailoring through efficient post-polymerization modification in the same pot. Due to all these 298 
remarkable features, the nucleophilic amine-thiol-ene conjugation based on thiolactones is 299 
considered to be a powerful and elegant accelerated protocol for the synthesis and modification 300 
of functionalized materials. Therefore, its use is given full attention by us and research towards 301 
functionalized cross-linked materials based on the same concept is in progress. 302 
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